A Gram-positive, non-motile, rod-shaped aerobic bacterial strain FLL521
Genus Nocardioides belongs to the family Nocardioidaceae and was first proposed by Prauser with Nocardioides albus as type strain [1] . So far, 91 Nocardioides species have been identified from various samples, such as soil [2, 3] , plants [4, 5] , seawater [6, 7] , sediments [8] and glaciers [9] (http:// www.bacterio.net/nocardioides.html). The members of Nocardioides are Gram-positive, aerobic, coccus or rodshaped with high DNA G+C content (64.9-74.0 mol%) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Mena-quinone-8 H 4 [MK-8(H 4 )] is the major respiratory quinone. LL-diaminopimelic acid is the diagnostic amino acid of the peptidoglycan. The fatty acid profile includes both branched-and straight-chain fatty acids, and iso-C 16 : 0 is the dominant fatty acid [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The major polar lipids are diphosphatidylglycerol (DPG), and/or phosphatidylglycerol (PG) [2-6, 9, 11] , and/or phosphatidylinositol (PI) [4-6, 9, 11, 13] . In this study, a potential novel Nocardioides member, designated strain FLL521 T , was analysed using polyphasic taxonomic tools.
Strain FLL521
T was isolated from soil collected in the Jianshan iron mine in Shanxi Province, PR China (38 02¢ 12.57 † N, 111 43¢ 23.02 † E). The pH of the soil was 6.5. To isolate bacterial strains, 10 g of soil was suspended thoroughly in 90 ml NaCl (0.85 %, w/v), serially diluted and spread on R2A agar (per litre: 0.25 g tryptone, 0.25 g peptone, 0.5 g yeast extract, 0.5 g soluble starch, 0.5 g casamino acids, 0.5 g glucose, 0.3 g sodium pyruvate, 0.3 g K 2 HPO 4 , 0.1 g MgSO 4 , 15 g agar, pH 7.2) plates, which were then incubated at 28 C for 7 days. Single colonies were subcultured on R2A agar and incubated at 28 C for another 7 days. In order to gain a pure culture, strain FLL521
T was purified after several sub-cultivation cycles and stored at À80 C in 25 % glycerol.
The 16S rRNA gene fragment (1446 bp) was amplified using DNA of strain FLL521 T with primers 27F and 1492R as described by Fan et al. [14] . The purified PCR product was sub-cloned into the pGEM-T vector and sequenced using primers T7 and SP6. The obtained 16S rRNA gene sequence was searched through the EzTaxon-e server (https://www.ezbiocloud.net/) [15] . Neighbour-joining [16] , maximum-likelihood [17] and maximum-parsimony [18] trees were constructed using the MEGA version 6.0 program [19] with bootstrap of 1000 replications [20] . To calculate the evolutionary distances, the algorithm of Kimura's two-parameter model was used [21] . A neighbour-joining phylogenetic tree showed that strain FLL521 T clustered together with only one strain, Nocardioides panacisoli GSoil 346 T (Fig. 1) . Similar results were also obtained using the maximum-likelihood (Fig. S1 , available in the online version of this article) and maximum-parsimony trees (Fig. S2) . N. panacisoli GSoil 346
T had the highest sequence similarity (96.3 %) with strain FLL521
T . In light of the phylogenetic trees and the sequence similarity, N. T were obtained from the collection centre and used as reference strains in this study. All of the strains were cultured in R2A at 28 C.
The Gram straining was performed using a Gram staining kit (Jiancheng Biotech, China) according to the manufacturer's instructions. Cell morphology and flagella were detected by transmission electron microscopy. Catalase activity was determined by bubble production with 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine [22] . was determined for 7 days. The NaCl tolerance (0-2.5 % in 0.5 % intervals and 3-5 % in 1 % intervals, w/v) was investigated in R2A for 7 days and the motility test was performed with 0.3 % agar. Anaerobic growth was tested in an anaerobic chamber (Mitsubishi Gas Chemical) for 7 days on R2A agar. Hydrolysis of gelatin, starch, Tween 20, Tween 40, Tween 60, Tween 80, casein and cellulose was tested according to the methods of Cowan and Steel [23] . Production of hydrogen sulfide and indole, and the methyl red and Voges-Proskauer tests, were conducted as described by Dong and Cai [24] . Phenylalanine dehydrogenase was tested using the method of Smibert and Krieg [25] . Acid production from various carbohydrates was tested using traditional methods [24] . The carbon-source assimilation tests were investigated using a basal mineral salts medium [per litre: (NH 4 ) 2 SO 4 Á2H 2 O, 2.0 g; MgSO 4 Á7H 2 O, 0.2 g; NaH 2 PO 4 Á2H 2 O, 0.5 g; CaCl 2 Á2H 2 O, 0.1 g; K 2 HPO 4 , 0.5 g] described by Dong and Cai [24] . Other physiological properties were tested using API 20NE and API ZYM kits (bioM erieux) according to the manufacturer's instructions in combination with the traditional methods.
DNA G+C content was detected using reversed-phase HPLC as described by Tamaoka and Komagata [26] . Respiratory quinones were extracted from freeze-dried cells and then analysed by HPLC [27] . The diaminopimelic acid isomers in the cell-wall peptidoglycan were determined by TLC after hydrolysis with 6 M HCl at 100 C for 18 h [28] . To analyse the fatty acids, cells of strain FLL521
T and the two referenced strains were harvested when the bacteria reached the logarithmic phase using the quadrant streak pattern (Sherlock Microbial Identification System, MIDI) and analysed by gas chromatography according to the protocol of MIDI (version 6.1 and TSBA library version 6.1) [29] . Polar lipids were extracted and examined by twodimensional TLC [30] .
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Strain FLL521
T was a Gram-positive, aerobic, asporogenous, non-flagellated and non-motile rod (0.5-0.7Â1.0-1.8 µm) (Fig. S3) . Colonies grown on R2A agar plates were white, circular, smooth, raised and 1-2 mm in diameter. The growth temperature and pH range of strain FLL521
T on R2A agar were [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] C (optimum 28 C) and pH 6.5-9.0 (optimum pH 8.0). The concentration of NaCl allowing growth was 0-0.5 % (optimum growth occurs in the absence of NaCl). Strain FLL521
T showed major physiological and biochemical differences with the other related strains in the Voges-Proskauer test, hydrolysis of L-arginine, the utilization of D-mannose, inositol, phenylalanine and the acid production of L-arabinose ( Table 1 ). The API ZYM and API 20NE tests results are given in Table S1 .
T contained MK-8(H 4 ) as the major respiratory quinone (92.5 %); in addition, it contained minor amounts of mena-quinone-7 H 4 (4.1 %) and menaquinone-8 H 2 (2.4 %). The MK-8(H 4 ) has been reported as the major quinone in the Nocardioides members [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and mena-quinone-7 H 4 and mena-quinone-8 H 2 are also present in some Nocardioides strains [2] . The cell-wall peptidoglycan contained LL-2,6-diaminopimelic acid as the diagnostic amino acid, which is in agreement with the Nocardioides strains. The DNA G+C content was 70.3 mol%, which was in the range of DNA G+C of the Nocardioides strains [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The major fatty acid profile of strain FLL521
T contained iso-C 16 : 0 (41.3 %), C 18 : 1 !9c (13.5 %) and C 17 : 1 !8c (9.2 %), which were similar to the Nocardioides strains but different in proportion ( Table 2 ). The polar lipids of strain FLL521
T included PG, DPG, PI and three unidentified phospholipids (Fig. S4) , and those of the most closely related strain N. panacisoli KCTC 19470 T were mainly of PG and PI [13] . On the basis of the data presented, strain FLL521
T is considered to represent a novel species of the genus Nocardioides, for which the name Nocardioides immobilis sp. nov. is proposed. T (type strain). All data are from this study unless otherwise stated. All of the strains were positive for catalase, gelatin hydrolysis, esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase. All strains are non-motile and negative for indole production, lipase (C14), a-chymotrypsin, cystine arylamidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. +, positive; -, negative; W, weak; NG, no growth. [13] . †Data from Kim et al. [31] . ‡Data from Qin et al. [32] . §Data from Prauser et al. [1] .
DESCRIPTION OF NOCARDIOIDES IMMOBILIS
diameter after incubation at 28 C for 3 days. The growth temperature and pH range on R2A agar are [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] C (optimum at 28 C) and pH 6.5-9.0 (optimum pH 8.0), respectively. The concentration of NaCl allowing growth is 0.5 % (optimum growth occurs without the addition of NaCl). Oxidase is negative but catalase is positive. Positive for H 2 S production but negative for indole production and nitrate reduction. 
